Abstract Removal of pathological lesions from the mandible can leave a disfiguring appearance in addition to compromising the function of speech and mastication. It therefore becomes imperative to replace the lost part with bone grafts. Autogenous bone grafts-vascularised and non-vascularised, have been in vogue for the same. The probability of using the same resected bone after removal of all pathology has been done for a long time with mixed results in terms of uptake and viability. This paper presents a case of the use of autoclaved resected bone being used for reconstructing the mandible.
Introduction
The management of large pathological lesions of the mandible involve resection of the lesions resulting in both functional and aesthetic compromise. The restoration of function and aesthetics is usually achieved by replacing the lost part with autogenous bone grafts-non-vascularised or vascularised. The most common donor sites are the iliac crest, fibula or the calvarium. The problem with these autogenous grafts is the inability to replicate the form and shape of the original contour of the resected segment. In addition to this, morbidity of the donor site can also be a deterrent. The probability of using the native bone sans the pathology is therefore a good option considering the maintenance of the form and shape of the original bone.
Case Report
A 47 year old female reported to this institution with a complaint of swelling of the lower left side of face since 3 years. History revealed that she had a similar episode of a painless swelling in the left mandibular region for which an intraoral surgical procedure under general anaesthesia was performed 20 years ago, the details of which were unavailable. When she developed the swelling 3 years back, surgical resection of the same along with extraction of lower left 1st premolar was performed. The histopathological report gave a diagnosis of ossifying fibroma. Since there was no regression of the swelling, she decided to seek further treatment.
Medical history showed her to be a patient of hypothyroidism for several years. She was on medication for the same, taking Tablet Eltroxin 50 mg once a day.
Local Examination
There was a small single diffuse swelling 1 9 2 cm with no signs of pulsation or discharge. There was no sensory deficit. Intraoral findings included missing teeth-35, 36, 37 & 38. The buccal vestibule was obliterated with normal looking alveolar mucosa. A repeat incision biopsy was done from the buccal aspect of the swelling through an intraoral incision. It confirmed the diagnosis of ossifying fibroma.
Radiographic Picture
The panoramic radiograph revealed an ill defined radio opaque lesion involving the left mandible in the body region (Fig. 1) . It characteristically showed whorled deposition of calcified material from the canine region to the angle. In addition, there was a well defined radio opaque area in the ramus, predominantly in the anterior aspect. The occlusal radiograph showed buccal expansion.
Treatment
Surgical resection of the lesion was planned due to the nature of the pathology and the ill defined border between normal and pathological bone. Reconstruction options were limited due to the reluctance of the patient to be subjected to another surgical procedure for harvesting the iliac/fibula. It was then decided to use the resected specimen as a free graft after removal of all pathology by autoclaving the specimen immediately. It would have been ideal to incorporate osteoinductive material in the form of cancellous bone but the reluctance of the patient for a surgical procedure in another location led to the use of only the autoclaved bone as a graft.
Under general anaesthesia the mandibular resection was performed, the anterior limit being the left canine and the proximal limit being the condyle, which was disarticulated. The resected specimen was then completely stripped of all soft tissues, washed in saline and betadine. The expanded portion of the body was recontoured and the coronoid resected (Fig. 2) . This specimen was then autoclaved at 121°C under 15 psi for 40 min. Multiple holes were drilled in the autoclaved bone, the specimen washed with sterile saline and fixed to the remaining mandible with a reconstruction plate and screws after inter maxillary fixation was done and the condylar position confirmed in the glenoid fossa.
Haemostasis was achieved; suction drain placed and layered water tight closure done both intra orally and extra orally. The post-operative healing was uneventful and the patient was reviewed after 8 months. Healing of the region was satisfactory and occlusion was stable with the patient being able to eat normal food from the uninvolved side. A check radiograph however revealed a fracture of the reconstruction plate (Fig. 3) . Although asymptomatic, it was decided to remove the implants under general anaesthesia. The bone graft showed irregular areas of cortical resorption on the outer surface. However the graftmandible junction showed good bony union on the deeper aspect with fibrous tissue overlying the junction with minimal movement at the interface (Fig. 4) . As a precautionary measure, miniplate implants were then used in this area for stabilisation. The patient was then reviewed for a month and is currently under further review.
Review of Literature
The first documented replacement of mandible is credited to Martin [1] who performed a temporary bridging of a resected mandible in 1878 using an interposition of rubber and fixation with a metal plate. Autologous transplantation was first performed by Sykoff in 1900 [2] . In 1937 Orell [3] reported an immediate autogenous replacement graft after applying heat to the bone. In 1957, Harding [4] treated 15 patients with autoclaved bone grafts. His longest review of these patients was a 17 year follow-up. Cryo-surgerytreated [5] or irradiated bone grafts [6] are other comparably good methods for an immediate autologous replacement graft after ensuring complete eradication of the pathology. Lyophilized bone also shows good results [7] . However, this method cannot be used as an immediate onestep-procedure due to the time required for lyophilization. The lack of surgical work using autoclaved bone in recent times stems from the fact that this technique has its own list of problem areas which include:
1. Increased risk of infection 2. Antibody reactions due to the effect of heat on the organic substances 3. The possibility of ''foreign body'' reaction 4. The probability of retention of pathological cells
The effect of heat on bone has been the subject of innumerable studies with emphasis on the effect of autoclaving. Various authors have given divergent views on the autoclaving protocol in terms of time, temperature and pressure used. The minimum temperature was 120°C with a time range from 15 to 40 min and a minimum pressure of 15 lbs/in 2 . We decided to stick to the classic autoclaving parameters of 121°C under 15 pounds/in 2 for 40 min. Inokuchi et al. [8] in their study highlighted the effect of heat on the properties of bone. Heat treatment at 65°C for 30-120 min does not hinder bone induction as osteoinductive properties of BMP is preserved, whereas the implant boiled at 100°C for 10 min did not show osteogenesis. The BMP is the osteogenetic chemical component composed of acid polypeptide embedded in the matrix of bone in mammals. It induces differentiation of mesenchymal-type cells into new bone. The mineral of bone insulates the BMP from access to the mesenchymal cells in the process of bone induction; therefore, demineralization of the bone implant exposes the BMP, resulting in the enhancement of osteogenesis.
In his studies, R. L. Harding advised that the transplanted autoclaved bone grafts have to be considered as a ''foreign body''. He found absence of osteoclasts and bone graft covered by fibrous tissue.
Contrasting views were expressed by Niederdellmann et al. [9] , who were of the view that the autoclaved bone acts as a frame, which undergoes slow substitution. The process of revitalization begins from the central vessels of the mandible. The main factor in this revitalization was the advantages of the stability produced by using the modern rigid fixation devices first described by Spiessl [10] .
Ewers and Wangerin [11] used autoclaved resected mandibles in cases of basal cellcarcinomas of the floor of the mouth and the mandible and stabilized it with two metal plates. The autoclave cycle was for 20 min at 140°C and 2.2 atm. The graft showed good incorporation. The fixation devices were removed in the 28th post-operative week. The former osteotomy lines showed complete bony fixation covered by strong fibrous tissue comparable to good fracture healing.
One of the biggest concerns in using a native bone with pathology as an autograft after treatment is the fear of pathological tissue being still left in the bone. The effect of heat on tumour cells have been the subject of many studies. Ewers and Wangerin [11] used autoclaved resected part of the mandible in cases of basal cell carcinoma of the floor of the mouth and mandible. One of their patients who died after 35 weeks due to alcohol intoxication was subjected to an autopsy of the specimen. There was no evidence of malignant cells in the bone. Their autoclave cycle was at a temperature of 140°C for 20 min at 2.2 atm.
Singh et al. [12] evaluated the effect of 4 different sterilization methods on the status of tumour cells in limb salvage surgery for bony sarcomas. Their autoclaving cycle was 135°C for 12-15 min at a pressure of twenty-nine pounds per square inch. The specimens did not reveal any viable tumour cells. According to the authors, certain devitalisation of tumour tissue requires, an absolute minimum time of 2 min at 60°C or 0.5 min at 65°C.
Köhler et al. [13] demonstrated that there is rapid penetration of heat into the diaphyseal bones of rabbits during autoclaving at 121°C for 20 min and at 131°C for 2 min, respectively, and concluded that the method can be used safely for uniform and complete sterilisation of entire specimens. It is recommend to use minimum effective autoclaving time of 15 min at 134°C when heating large bone specimens to devitalise tumour cells.
Inokuchi and co-workers used VX2 carcinoma, transplantable carcinoma of rabbit, to investigate the effect of heat treatment on its cell viability. VX2 carcinoma cells heated at 50°C for 15 min did not show tumourogenesis at the transplant sites.
To ensure the death of tumour cells, it is necessary not only for the temperature to be high enough but the duration of heating is also important.
Knaepler et al. [14] measured heat-conduction curves of human cancellous bone by thermoincubation in a waterbath at 80°C and showed that 60°C could be reached after 140 seconds using a thickness of 15 mm. With a thickness Fig. 4 Good union of the graft with native mandibular bone of 30 mm a period of 520 seconds was necessary to reach 60°C. Using this data, autoclaving at 130°C using a short programme would be sufficient for safe devitalisation.
One interesting finding in their study was the differential temperatures in the different areas of the bone. In certain areas, temperature did not cross 45°C after 15 min. There is therefore a risk of recurrence when the cycle is shorter than 15 min. We avoided this risk by subjecting the bone to autoclaving cycle of 40 min.
The success of eradicating tumour cells by autoclaving has also been endorsed by Pan [15] in the management of osteosarcomas.
The histological evaluation of animal experiments by Wangerin et al. [16] revealed the incorporation of the autoclaved bone graft, free from antibody reactions and the beginning of bone remodelling of the avascular autoclaved reimplant without fibrous tissue covering.
Lee et al. [17] have used autoclaved resected mandible in a case of malignancy to maintain structural stability. This was then used as a template and replaced with a fibular graft.
The success of these autoclaved grafts have also been attributed to the presence and action of the overlying periosteum by Kaya et al. [18] . Periosteal flaps are biologic tissues that enhance the healing of graft-host junctions. The periosteal flap technique is effective on the healing of graft-host bone junctions and this technique is worth applying to structural allografts.
Absence of osteoinductive properties in the autoclaved graft led to the assumption that adding osteoinductive properties could enhance the graft uptake. Draenerta and Deliusb [19] showed that though autoclaving was microbiologically safe, loss of bone stiffness was one of the side effects. Stiffness, biocompatibility and natural matrix composition are pre requisites for osteoconductivity, which supports osteoblast adherence, migration, and bone formation. They showed that the combination of dehydration and thermal denaturing preserves the physiological stiffness of bone grafts from being destroyed by steam sterilization. It also improves biocompatibility.
Another modification to enhance the osteoinductive properties was the method of filling the autoclaved autogenous mineral frame with lyophilized collagen or hydroxylapatite granules that induce and accelerate the bony incorporation of the reimplanted bone [20] .
In addition, bone perforations maintain the viability of the bone marrow by facilitating the passage of newly formed vessels to the medullary canal of the graft.
Fennis et al. [21] in an animal experiment studied the use of autogenous irradiated cortical scaffold, autogenous corticocancellous bone-graft and autogenous platelet-richplasma. There was uneventful healing and the fixation implants withstood immediate loading for periods varying from 3 to 6 weeks.
The use of autologous bone marrow incorporated in the autoclaved bone, which was sterilised at 15 kPa or 103 lbs/in 2 at 121°C for 40 min showed good viability after 12 weeks [22] . Similar results were also obtained by von Wilmowsky et al. [23] . In another study in rats, encouraging results were seen after supplementing recombinant human fibroblast growth factor-2 [24] to the autoclaved graft which resulted in revitalizing by remodelling of the graft.
Osawa et al. [25] in their experiments revealed that deep-freezing and autoclaving had only minimal effects on bone structure, although osteocytes were degenerated. Singh and co-workers [12] compared the effect of autoclaving, irradiation and pasteurisation. They found that there was very little alteration in the mechanical properties after irradiation and pasteurisation as compared to sterilisation by boiling which showed degradation of mechanical properties.
The advantage of pasteurisation (sterilisation at 60°C) was shown by Manabe [26] where the ilium of rabbits showed preservation of the structure with gradual replacement of the graft by viable bone, very similar to that of fresh bone graft. The mechanical strength of pasteurized bones was similar to that of fresh bones.
Very similar results in terms of viability of osteocytes and blood vessel invasion into Haversian canals when subjecting the graft to autoclaving and irradiation have also been documented [27] . In a new technique, Lenz et al. [28] washed the graft with physiologic saline and preserved it at low temperature. This graft was then subjected to a combination of peracetic acid-ethanol/low pressure sterilization. Finally the bone was rinsed with saline and the peracetic acid mixture was completely removed and the bone banked for future use.
Explaining the effects of irradiation, Triantafyllou et al. [29] have shown that the chemical and physical integrity of grafts is destroyed. BMP is also lost [30] and the graft serves only as a temporary mechanical scaffold with osteoconductive properties.
Total substitution of frozen bone grafts were seen following gamma irradiation within 3-8 months after reconstructive surgery [31] .
Conclusion
With mandibular reconstruction being a much sought after procedure after ablative surgery in today's scenario, it is imperative to develop a technique that reduces the morbidity and increases the functional and aesthetic results. It is with this in mind that the idea of using the native bone after ensuring removal of all pathology has become an attractive possibility. The probable advantages of this method are definite eradication of pathological cells, easy availability and good adaptation of size and shape, no risk of transmission of disease, preservation of bone stock and no possibility of immunologic reaction. It is very relevant in the mandible as mandibular reconstruction entails the need for good sculptural skills to reproduce the complex framework of the bone.
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